ABSTRACT: Many experimentally validated data about the morbidity of follicular thyroid carcinoma (FTC) has been obtained by researchers in gene and microRNA (miRNA) fields. There is a lot of contact between these data and the pathogenesis of FTC. Since these researches are focus on only one or a part of these genes and miRNAs, the inner regulation relations between these genes and miRNAs in FTC need a systematic study. In this paper, miRNAs and TFs will be treated as nodes of the regulatory networks, in which we can find the connections between them clearly instead of only focus on one or several of them. These regulatory networks are differentially expressed network and related network. In differentially expressed network every element is differentially expressed, whose any mutation may lead to the occurrence of FTC. So if the differentially expressed network is modified to normal state, the abnormal connections can be modified and the probability of occurrence of FTC could be effectively reduced. When analyzing the networks, we found and marked out many special pathways. Such as PTEN, forming a self-adaption relation, regulates hsa-miR-21, which target at PTEN in turn. And PTEN also forms a self-adaption relation with hsa-miR-19a. By analyzing and studying the three regulation networks, we analyzed the pathogenesis of FTC systematically. At the same time, the result supply some theoretical clue for biologists.
INTRODUCTION
Follicular thyroid carcinoma accounts for 15% of thyroid cancer and occurs more commonly in women over 50 years of age, and it is an uncommon malignancy with a reported worldwide incidence of 0.5-10/100,000 population.
The genes and miRNAs that are differentially expressed play a critical role in the pathogenesis of FTC [Choi et al. 2015; Corver et al. 2012 ]. Meanwhile, some other genes or miRNAs, which may have an impact on the pathogenesis of FTC but are not differentially expressed, are called related genes or related miRNAs.
In gene expression, TFs and miRNAs are prominent regulators. TFs is a special kind of protein, by binding to cis-regulatory elements located in the upstream regions of genes, it can inhibit or cativate the transcription of genes [Hu et al.2015 ]. And at the transcriptional level, TFs, alone or in cooperation with other proteins, can regulate gene expression.
By targeting at genes, miRNAs take part in many biological processes, such as mutation. So miRNAs play an important role in diagnosis, prediction and therapy of FTC. In addition, miRNAs can repress the translation of messenger RNAs (mRNA) or degrade mRNA [Torres et al. 2013] , and regulate gene expression at the post-transcriptional level [Zhi et al.2013; Ye et al.2014 ]. Moreover, they have a significant influence on the regulation of signaling pathways [Lv et al. 2012] .
Host genes are these genes where miRNAs locate. Research has shown that miRNAs' transcription is accompanied by their host transcripts, except two different miRNAs (exonic and intronic) [Pradhan el al. 2015] . In biogical processes, miRNAs have a closely related to their host genes, and they usually work together [Zhao et al. 2014] .
Until now, researchers have done a lot of experiments on FTC, but almost all the experiments focused on just one or a few elements (gene or miRNA). From these scattered data, we can't analyze the nosogenesis of FTC systematically. To analyze the nosogenesis of FTC systematically, we established three regulatory networks with the experimentally validated data, which collected from FTC-related lectures and database. These three regulatory networks, which can show the relationships among the elements, are differentially expressed network and related network. Then we analyze and pay close attention to the relations that come from the regulatory networks, such as genes regulating miRNAs, miRNAs targeting at target genes and miRNAs locating on host genes. In differentially expressed network, all the nodes except host genes are differentially expressed. And in related network, all the nodes are correlated with the nosogenesis of FTC. Our main concern is to find the key relationships of the elements in FTC and analyzed them systematically.
MATERIALS AND METHODS

Material collection and data processing
We collected the experimentally validated dataset of human miRNAs and their target genes from the Tarbase 5.0 and miRTarBase [Hsu et al. 2014 ]. The names we used in this paper are from National Center for Biotechnology Information (NCBI) database, the website of the database is http://www.ncbi.nlm.nih.gov/gene/.
We collected experimentally validated dataset of human TFs and the regulated miRNAs from TransmiR [14] , and the host genes of human miRNAs are collected from miRbase [Kozomara et al. 2011 ] and NCBI. From Cancer Genetics Web at http://www.cancerindex.org/geneweb/, NCBI SNP database and NPC-related papers, we collected the differentially expressed genes in FTC. The FTC-related genes are collected from FTC-related papers and GeneCards database. By P-match method, we extracted the predicted TFs. We only focus on the predicted TFs that appear in transmiR, the predicted TFs are considered as FTC-related genes. 1000nt promoter region sequences of the targets of differentially expressed genes are downloaded from UCSC database. By using P-math method, which combines pattern matching and weight matrix approache, we identified the transcription factor binding sites (TFBSs) in 1000nt promoter region sequences and mapped TFBSs onto promoter region of targets. P-match Matrix library is a sets of known TF-binding sites which are collected in TRANSFAC [Romitti et al. 2013] , it is possible to search for a lot of different TF binding sites. Furthermore, we used the standard matrix and restricted high quality criterion for the matrix.
We collected the differentially expressed miRNAs in FTC from mir2Disease and FTC-related papers. And from the FTC-related papers we got the FTC-related miRNAs.
Finally, we showed the networks using the software Cytoscape .
Two networks construction
We constructed two networks of FTC, the networks differentially expressed network and NPC-related network. The differentially expressed network is constructed using the differentially expressed elements. Using the same method, the FTC-related network is constructed using the FTC-related elements, and we extracted the relations of them from the global regulatory network. Figure 1 . Differentially expressed network of TFs, miRNAs, target genes and host genes involved in follicular thyroid carcinoma.
3 RESULTS
Differentially expressed network
The differentially expressed network is shown in figure 1 . In the differentially expressed network, all the nodes are differentially expressed except host genes, so this network is the core network and it can primarily indicate the differentially expressed regulation mechanism of FTC. From the figure 1, we can see that this network include 5 TFs (PTEN, PDGFA, AKT1, TP53 and EGFR), 17 targeted genes of miRNAs (NRAS, PDGFA, CDK10, and so on) and 11 miRNAs with their host genes (hsa-miR-146a with MIR146A, has-let-7d with MIRLET7D and MIRLET7DHG, etc) and other genes and miRNAs. In this network, there are three relationships, which are TFs regulating miRNAs, miRNAs targeting at target genes and host genes including miRNAs. In differentially expressed network, there are some special pathways which are highlighted. TP53 regulates hsa-miR-125b and hsa-miR-125b targets TP53 in return, which forms a self-adaption relation. And AKT1 and hsa-miR-125b also form a self-adaption relation. One TF may form several self-adaption relations with several miRNAs, such as PTEN forms 2 self-adaption relations separately with hsa-miR-19a and hsa-miR-21. In addition, One TF may regulate several miRNAs, and these miRNAs may target other TFs. For example, PTEN regulates hsa-miR-21, at the same time, hsa-miR-21 target EGFR and TGFBI. One TF may be targeted by some miRNAs and regulates other miRNAs. Such as PDGFA, it is targeted by hsa-let-7d and it regulates hsa-miR-221. Some genes, such as FOS, HRAS and KRAS, are targeted by some miRNAs, but they don't regulate any miRNAs.
We should also pay attention to the differentially expressed miRNAs in this network. One miRNA may forms self-adaption relations with several TFs, such as hsa-miR-21 with PTEN and EGFR. Hsa-miR-1 targets EGFR, FN1 and AXL, however, it is not relulated by any genes. Hsa-miR-221 is regulated by PDGFA and it targets at PTEN, FOS and TP53. Some miRNAs, such as hsa-miR-20a and hsa-miR-19a, target other genes but they are not regulated by any genes.
This differentially expressed network can show the regulatory mechanism of FTC systematically. 
Related network
The related network is shown in figure 2 . FTC-related elements contain differentially expressed elements, so the related network include differentially expressed network and it shows more pathways. In related network, genes may regulate differentially expressed miRNAs or related miRNAs. For example, NKX2-5, which is an added related gene, regulates hsa-miR-19a (differentially expressed miRNA) and hsa-miR-17 (related miRNA). And miRNAs can target differentially expressed genes and related genes as well, such as hsa-miR-16 target VEGFA (related gene) and TP53 (differentially expressed gene). In the FTC-related network, there are also some significant additional pathways. For example, E2F1 (related gene) forms self-adaption relations with hsa-miR-20a (differentially expressed miRNA), hsa-miR-223 (related miRNA), hsa-miR-106a (differentially expressed miRNA) and has-miR-17 (related miRNA). NFKB1 forms self-adaption relations with hsa-miR-146a. Some related genes, such as VEGFA, are targeted by some miRNAs, but they don't regulate any miRNAs. Some added related genes only regulate differentially expressed miRNAs, such as REL and TCF3.
The FTC-related network may make contributions to the deeper understanding of the pathogenesis of FTC.
Comparison and analysis about predecessors and successors of differentially expressed genes
To describe the networks of FTC more clearly, we extracted the successor nodes and precursor nodes of the important elements and then we listed them in table 1. We focused on the differentially expressed genes in FTC and classified them in 4 classes. The first class has 6 types of adjacent nodes (three kinds of successors and three kinds of precursor nodes), including PTEN, TP53, AKT1 and EGFR. Now, we only take PTEN as an example. Evaluation of expression of PTEN gene may turn out to be a very useful tool for searching new diagnostic and therapeutic methods [Ngeow et al. 2014 ]. The second class of differentially expressed genes has 3 types of adjacent nodes (3 kinds of predecessors), such as NRAS. The third class of differentially expressed genes has 2 types of adjacent nodes (2 kinds of predecessors), such as CTNNB1. The forth class of differentially expressed genes have no adjacent nodes in three network or only have adjacent nodes in differentially expressed network, these isolated genes are out of our discussion.
DISCUSSION
Some special genes, miRNAs and their interactions are worthy of our attention in FTC. For example, in the differentially expressed network, PTEN regulates 2 miRNAs and it is targeted by 8 miRNAs. And PTEN froms self-adaption relation with hsa-miR-19a and hsa-miR-21, at the same time, hsa-miR-21 forms another self-adaption relation with EGFR which is also a differentially expressed gene. It is suggested that the pathways of TP53 and PTEN should be paid more attention to in the research of FTC in future. E2F1, which is a predicted TF, forms 4 self-adaption relations with hsa-miR-17, hsa-miR-20a, hsa-miR-106b and hsa-miR-223 separately. Since the predicted TFs may cause similar result as differentially expressed TFs, those TFs suggest the potential relations between the differentially expressed miRNAs and TFs, these relations remain to be experimentally validated. It is significant that these special genes, miRNAs and their interactions may have important implications in FTC.
In this paper, we collected the experimentally validated data of FTC as more as possible. And then using those data, we build 2 regulatory networks, which are differentially expressed network and related network. Since the networks can show the relations of the elements of FTC, we can analyze the elements about FTC systematically. The elements in differentially expressed network are differentially expressed, so the differentially expressed network is emphasized to analyze the regulation mechanism of FTC. The related network can supply further knowledge of the regulation relation in FTC. And we make some predictions by the P-match method, those predictions may provide some useful clues for the further research of the prevention of FTC. Then successors and precursors of differentially expressed genes, differentially expressed miRNAs and predicted TFs are extracted. Some special genes, miRNAs and their relation are discussed. It will be helpful to research the pathogenesis of FTC based on the three networks that are built in this study.
